Introduction: Cancer is a critical health problem throughout the world. However, detecting cancer in its early stages can greatly increase both the survival rates and quality of life for cancer patients. The mean fiveyear survival rate for all types of cancer has increased from 49 to 67%, thanks to the rapid growth in diagnostic and treatment techniques [1] . There are devices for the diagnosis of cancer, such as magnetic resonance imaging (MRI), computerised tomography, mammography, X-rays etc. MRI makes high-resolution medical images in a noninvasive way to examine the human body without X-ray radiation. Therefore, 1.5 and 3 Tesla (T) MRIs are widely used to detect diseases of the head and breast in clinics. However, an ultra-high-field MRI system such as 7 T (298 MHz) is currently used for research alone, and multi-channel radio frequency (RF) coils are very useful for sensing the human body [2] . In addition, pacemakers, implantable cardioverter defibrillators and other devices made of metallic materials are very dangerous in MRI systems due to the strong magnetic field [3] . To alleviate all these problems, we use multi-channel RF coils only at 7 T to sense changes in electrical characteristics, such as permittivity and conductivity. Each organ has different electrical characteristics [4, 5] ; therefore, the multi-channel RF coil can detect the different return signals of normal and abnormal tissues (i.e. tumours) when it scans patients with the RF signal. This Letter introduces a new approach to detect a possible tumour in the human brain and breast with sensitive RF coils before an MRI scan, and early detection of breast cancer can be achieved through the proposed method. Methods: To determine the difference between normal and abnormal tissues in the brain and breast, the finite difference time-domain method (SEMCAD X) is used at 298 MHz (7 T) [6] . Recently, the multi-channel RF coil has been used in many studies because each channel can adjust the size and phase, and it offers great efficiency, a close range and little radiation loss. As shown in Fig. 1 , the eight-channel RF coil is positioned close to the head or the breasts. The electrical characteristics of normal and abnormal tissues in the brain and the breasts are shown in Table 1 [5] . Many different cases have been simulated according to the changed status of abnormal tissue with respect to its position and radius, as well as with (and without) abnormal tissue in the brain and the breast.
Results: For brain and breast examination, each RF coil element was calibrated below −25 dB of the S-parameter value (or reflection coefficient), which is enough to be resonated. Abnormal tissue in the brain (i.e. a brain tumour) has a spherical shape, and the radius of the tumour changes from 5 mm (0.04% of brain capacity) to 15 mm (1.09% of brain capacity). In addition, the tumour location changes in 10 mm increments from − 40 to +40 mm in the horizontal direction and from −10 to +40 mm in the vertical direction. When the tumour moves from − 40 to 40 mm in the horizontal direction, the S-parameter changes little, as shown in Fig. 2 . In addition, when the tumour moves from −10 to 40 mm in the vertical direction, the S-parameter variations are still not remarkable, as shown in Fig. 3 . These results are reasonable, because the studied tumour capacity is very small compared with the brain volume. However, a study of tumours bigger than 15 mm is meaningless in terms of early diagnosis. The breast has a bigger gap between normal and abnormal tissues compared with the brain tissue (see Table 1 ). Thus, abnormal tissue in the breast is easier to detect [6] . T0, T1, T2, T3 and T4 indicate breast cancer staging by tumour size [7, 8] . T0 means there is no evidence of a primary tumour. T1 is a tumour 2 cm or less; T2 is a tumour larger than 2 cm but not more than 5 cm; T3 is a tumour larger than 5 cm in the greatest dimension. T4 refers to a tumour of any size with direct extension to the chest wall or skin. Fig. 4 shows the studied shapes, sizes and locations of a tumour in the breast. The results of the S-parameter, with and without breast cancer, are shown in Fig. 5 . The gap is the difference in tissue with the tumour against that without the tumour, according to the change in tumour size. When the tumour is in the breast, obvious differences of S11 are found. Current coils with more than eight channels, such as 16 or 32 channels with high efficiency, have been invented for high-field MRI systems. With them, a more accurate diagnosis can be made by using the proposed method. gap1(S11 T1 -S11 T0 )
gap2(S11 T2 -S11 T0 )
gap3(S11 T3 -S11 T0 )
gap4(S11 T4 -S11 T0 ) Conclusion: In this Letter, we have studied abnormal tissues that indicate cancer of the brain and breast. In the brain, the change in the S-parameter is very tiny. Moreover, it is marginal with early diagnosis, although cancer of the brain has a variety of sizes and positions. On the other hand, in the breast, the change in the S-parameter is remarkable. This means that RF coils without an MRI magnet can be used for breast cancer detection. Since the breast has greater differences in tissue properties than the brain, the results show that the proposed method is very promising for developing an efficient medical examination. The incidence of breast cancer is very much related to age, so once S11 is measured, the variations show the possible risk.
